Introduction: High-fidelity simulation is frequently utilized in medical education. Its use in the neurosciences is limited by the inherent limitations of the manikin to simulate neurological changes. We report here the use of a hybrid simulation -a combination of lecture and high-fidelity manikin -in the education of neurosciences nurses, involved in care of neurocritical care patients. Methods: Neurosciences nurses from at the University of Missouri, Columbia, MO, USA, which is an academic, tertiary-care medical center participated in the simulation during Spring of 2016. The simulation involved a patient presenting with acute intracerebral hemorrhage (ICH) who neurologically deteriorated to brain death. Preand post-simulation questionnaires were administered using a questionnaire with five-point Liker scale. Results: Seventy-two responses were returned. The majority had 0-5 years of nursing experience with 83.8% having prior critical care experience. Pre-simulation, the majority of nurses (85.7%) agreed or strongly agreed with managing patients with ICH. When the responses of "agree" were compared to "strongly agree", a significant improvement (p<0.001) in all responses except confidence in speaking with other healthcare providers was found. Conclusion: Nurses reported significant improvement in understanding and managing patients with acute ICH and neurological deterioration after participating in a neurocritical care hybrid simulation. This study shows the benefit of using hybrid simulation in the education of neurocritical care nurses.
Introduction
Intensive care units are highly demanding work-environments requiring advanced skills to care for the critically-ill patient (1) (2) (3) (4) (5) (6) (7) . Many of these skills are learned and maintained by repetition (1) . Simulation has become an important tool in medical education for its ability to simulate real-life situations and create repetition. Simulation creates a learning environment that allows for improving technical and non-technical skills, improving efficiency, practicing rare life-threatening emergencies, and fostering improved attitudes toward teamwork (2) . A well-known example that utilizes simulation is the certification and recertification of advanced cardiac life support (ACLS) (3) . The maintenance of ACLS has been shown to be an important predictor in correctly managing patients in cardiac arrest (1, 4) . In medical education, the use of simulation has also been shown to be effective in mimicking other real-life, medical scenarios in a safe environment (5) (6) (7) (8) . Additionally, the use of simulation with "sufficient realism to allow learners to suspend disbelief" in nursing education has been recognized to be an important method of educating clinical scenarios (2, 9) . In the medical education and residencies, the use of simulation has been used to bridge the gap between classroom and the clinical environment (1). At our tertiary level teaching hospital, we have recently appointed neurointensivists to manage the neurosciences intensive care unit (NSICU). As part of their appointment, an emphasis on nursing development has evolved. One such change is the utilization of a hybrid simulation -a combination of manikin simulation and video with lecture -to learn the basics of managing a patient with acute intracerebral hemorrhage (ICH) who progressively deteriorates and eventually progresses to brain death. The hypothesis of this study was that neurocritical care nurses, after participating in the simulation, would feel more comfortable understanding and managing a patient with acute ICH that neurologically deteriorates.
Material and Methods

Participants
All neurosciences nurse (n=37) at the University of Missouri Health System, Columbia, MO, USA who are involved in the care of neurocritical care patients participated in this activity in the Spring of 2016. Incomplete surveys were excluded (n=2). No personal information was released. No compensation was provided for participating. The Institutional Review Board approved this project.
Design
As part of continuing nursing education, a hybrid simulation was created. Our hybrid simulation used a combination of lecture and simulation manikin. The simulation was a fictional patient named Ima B. Ailin. She was a 64 year-old lady admitted to the emergency department with acute stroke symptom of right arm and face weakness and dysarthria. Her National Institute of Health Stroke Scale (NIHSS) was 6; Glasgow Coma Scale (GCS) was 15, and blood pressure 180/90 with sinus rhythm on telemetry. She had a history of atrial fibrillation and was on coumadin. INR was 2.4. Computer tomography (CT) head on arrival showed a 3 cc ICH located in the left putamen. At this point, the nurses were required to demonstrate and discuss as a group the clinical examinations important in stroke care. A discussion of localization of lesion, CT head interpretation, blood pressure control, and coagulopathy reversal then occurred through lectures. After a brief discussion on emergency management of an acute ICH, the patient was then admitted to the NSICU where her blood pressure acutely rose to 260/120mmHg. Her examination then deteriorated to include right sided hemiplegia, right pupil enlargement (nonreactive) and hyperventilation. The hyperventilation and pupillary changes were seen on the simulation manikin. Her heart rate converted to a supraventricular tachycardia (SVT) with a rate of 179. The group was required to recognize the cardiac-brain code and begin resuscitation focused on the brain and the heart. A coma examination was then demonstrated by the teachers. We then discussed as a group the management of increased intracranial pressure. After the discussion, the patient had a CT head showing expansion of the ICH to 48cc. External ventricular device (EVD) waveform was shown on the monitor. We discussed setting up the EVD at bedside, waveform analysis, and nursing considerations for a patient with poor intracranial compliance (e.g., during bathing, travel). We returned to the patient whose exam acutely deteriorated. She then demonstrated brainstem areflexia and flaccid quadriplegia. The nurses were required to recognize the exam deterioration by bilateral nonreactive pupils, diabetes insipidus (simulated by foley bag with water), and hemodynamic instability. We performed a brain death examination together focusing on the complications that can occur during the testing/progression to brain death (e.g., arrhythmias, hypotension, and diabetes insipidus). After the simulation, a brief pre-and post-simulation survey was administered.
Measures
Demographic data was collected including age, gender, nursing experience, critical care nursing experience, and prior experience with simulation manikin. A confidential, voluntary survey was administered pre-and postsimulation asking nurses about their comfort level regarding patients with ICH. A five point Likert questionnaire using answers of "strongly disagree, disagree, neither disagree or agree, agree, and strongly agree". Descriptive statistics were performed on demographic data (using means and standard errors of the mean for continuous data and frequencies for categorical data) and on Likert-type data (median and frequencies). The Likert-type data was then grouped as agree (i.e., combination of strongly agree and agree) and disagree (i.e., combination of strongly disagree and disagree). Based on expected distribution of the unmatched data, we compared the groups "agree" to "strongly agree" based on distribution of responses. Chi-square statistics with Fisher's were used to analyze the data. A pvalue of <0.05 was considered significant. Data were analyzed using GraphPad Prism 7 (La Jolla, CA, USA).
Results
A total of 72 surveys (35 pre-simulation; 37 post-simulation) were completed from 37 nurses (33 female). The majority of participants were in the age range of 20 to 29 years (59.5%). The majority of participants had a range of 0-5 (70.2%) years of nursing experience and 83.8% with prior critical care nursing experience. The majority (86.5%) had prior experience with simulation. Demographics of simulation participants can be found in Table 1 . The Likert-type data was grouped into "disagree" and "agree". For all six questions, the majority of nurses agreed with the responses pre-(65.7-85.7%) and post-(81.1-91.9%) simulation (Table 2A) . Only 0-5.7% of responders disagreed to the responses pre-simulation and 2.7-8.1% post-simulation (Table 2A) . None of the responses met statistical significance although a trend toward significance was seen on the question "I am prepared to care for real patients with intracerebral hemorrhage." Given the distribution of the responses toward agreement pre-simulation, the Likert-type data of "agree" and "strongly agree" were compared. On the pre-simulation responses, 57.1-68.6% of responders agreed with the questions and 2.9-17.1% strongly agreed (Table 2B) . Post-simulation, the responses increased to 40.5-56.8% agreement and 24.3-40.5% strongly agreed (Table 2B) . Statistical significance was achieved in all but one question (Table 2B ). This question was "I am confident in determining what to tell other healthcare providers when treating intracerebral hemorrhages." 
Discussion
The utilization of hybrid simulation models in NSICU nursing education has not been fully established. Our study is one of the first to incorporate hybrid simulation into the continuing education of neurocritical care nurses. Our study highlights that the majority of nurses agree or strongly agree with familiarity in managing patients with ICH. Additionally, our study shows that after participating in a hybrid simulation, nurses feel significantly more comfortable managing patients with ICH. Prior simulation models have been used in neurosciences medical education. A study by Hocker et al. used the simulation manikin to create a brain death scenario (5). Trainees from critical care medicine and neurology were required to perform a brain death examination on the manikin (5). This study found that only 71.5% of pre-requisites required for brain death testing were met, and only 71.0% of requirements of the clinical examination were achieved (5). The pre-and post-test assessment showed that the trainees' confidence significantly improved after simulation (5). Similarly, MacDougall et al. showed improvement in brain death determination after simulation (6) . A study by Dworetzky et al. used simulation as part of seizure education in the epilepsy monitoring unit10. A combination of nurses and resident trainees participated (10). They found that after the simulation, knowledge in seizure management improved; however, confidence in managing seizure patient and improvement in clinical practice were not demonstrated (10) . The study by Sperling et al. evaluated the use of simulation to teach students the clinical approach to altered mental status (11) . Post-simulation participants reported improved differential diagnoses, diagnostic workup, and interventions needed in the first few minutes after recognizing altered mental status (11) . These studies highlight the importance of simulation in education. Our data is comparable to the findings of these studies. After simulation, nurses reported feeling prepared and confident in managing a patient with acute ICH. Additionally, the nurses felt they had a better understanding of the pathophysiology of ICH and ultimately, felt more confident in recognizing acute neurological deterioration and management. Our data shows that despite the participation in the hybrid simulation, nurses continue to feel uncomfortable discussing ICH with other healthcare providers. This data is important and provides areas for process improvement. We plan to provide educational lectures on ICH with an emphasis on the relevant examination and scales/scores of ICH to address this finding. We chose the topic of ICH with acute neurological deterioration as our main teaching point for the neurocritical care nurses. The purpose of this simulation was not to teach how to perform and document a brain death examination. Rather, we aimed to focus on the acute management of a patient with an ICH and the recognition and management of worsening neurological examination and the nursing considerations during the neurological deterioration (e.g., hemodynamic instability, changes in examination, and diabetes insipidus). Simulations do have limitations. These include the time necessary to create a simulation scenario and the resources needed to host a simulation. Many scenarios were provided by manufacturers of the simulation manikin. However, these simulations were not neuro-specific and may not be up-to-date with current literature. Additionally, the manikins have limited capabilities of simulating neurological/neurosurgical emergencies. This limitation was overcome by creating a hybrid simulation as we have demonstrated. Hybrid simulation is a simulation that incorporates an actor/actress and PowerPoint information including videos and images. We plan to continue incorporating hybrid simulation into the education of the neurocritical care nurses. The education will be based on the topics from the Emergency Neurological Life Support (ENLS) created by the Neurocritical Care Society in 2015 (12) . The purpose of ENLS is to educate the medical community on the management of the neurocritically ill patient in the first hour (12) . Our NSICU is created to emphasize a multidisciplinary approach to the care of the patient. Nurses play a key role during bedside rounding. Nurses present information about the patient including data by organ system. This information is followed by the neuro-pharmacist reviewing the medications and finally the resident or mid-level provider discussing the plan of care. Improving nurses' knowledge of the pathophysiology and management of patients' critical illnesses, will only improve the quality of care provided.
Conclusions
Hybrid simulation using a combination of manikin and lecture can be used as a training tool in preparing participants to manage patients with a neurological emergency. Our data shows that nurses' self-reported knowledge in managing a simulated patient with a devastating spontaneous intracerebral hemorrhage, improved following a hybrid simulation course. We also found areas for process improvement following the simulation. Hybrid simulation is a useful method to train participants in neurological emergencies in a controlled setting. Future areas of research will evaluate the benefit of hybrid simulation in other neurological emergencies, such as acute ischemic stroke and status epilepticus, in the training of neurosciences nurses and resident physicians.
